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(57) A gas turbine engine has, in a cross section in 
the axial direction of an annular inner peripheral wall 
connected to a blade main body of a turbine blade, a 
concave part and a convex part on the front edge side 
and the rear edge side. The concave part has a negative 
curvature and is concave toward the axis, and the con- 
vex part has a positive curvature and is convex away 
from the axis. The flow rate on the upper face of the 
blade main body can be reduced in the concave part on 
the front edge side, thus suppressing generation of a 
shock wave, and the flow rate can be increased in the 
convex part on the rear edge side following the concave 
part, thus smoothly changing the flow rate on the upper 
face of the blade main body and thereby minimizing the 
pressure loss. In this way, the thickness of the blade 
main body can be reduced while ensuring the perform- 
ance of the gas turbine engine, thereby contributing to 
a reduction in weight. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a gas turbine 
engine in which turbine airfoils are disposed in a radial 
direction in an annular gas passage defined by an inner 
peripheral wall and an outer peripheral wall. 

BACKGROUND ART 



DISCLOSURE OF THE INVENTION 
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[0002] Japanese Patent Application Laid-open Nov 
11-241601 discloses an axial-flow gas turbine engine 
comprising stator vanes and rotor blades, wherein a 
cross section in the axial direction of an inner peripheral is 
wall of a casing to which the stator vanes and the rotor 
blades are connected has a concave part that recedes 
radially inward relative to a straight line joining the front 
edge of the root of the stator vane on the front side and 
the rear edge of the root of the rotor blade on the rear 20 
side. 

[0003] Furthermore, US Patent No. 54661 23 disclos- 
es an arrangement in which a cross section orthogonal 
to the axial direction of an inner peripheral wall of a cas- 
ing supporting stator vanes of a gas turbine engine has 25 
sinusoidally alternating concave parts and convex parts. 
[0004] It should be noted here that when the thickness 
of a turbine airfoil of a gas turbine engine is decreased 
in order to reduce the weight of the airfoil without chang- 
ing the material thereAf, it is necessary to increase its 30 
stagger angle y (see RG. 1 ), but since the curvature of 
the front half on the upper face of the airfoil increases 
with an increase in the stagger angle y, the flow rate on 
the upper face of the airfoil accelerates and decelerates 
rapidly and : in particular, in the case of a high load blade 35 
having a high rotor inlet relative Mach number, a shock 
wave is generated beyond a critical Mach number, and 
as a result there is the problem that the pressure loss 
increases. 



40 



[0005] The present invention has been carried out in 
view of the above-mentioned circumstances, and it is 
an object of the present invention to suppress the oc- 45 
currence of a shock wave when the stagger angle is in- 
creased as a result of decreasing the thickness of a tur- 
bine airfoil of a gas turbine engine, thereby preventing 
any increase in the pressure loss. 

[0006] In order to accomplish the above-mentioned so 
object, in accordance with the present invention, there 
is proposed a gas turbine engine comprising turbine air- 
foils disposed in a radial direction in an annular gas pas- 
sage defined by an inner peripheral wall and an outer 
peripheral wall, characterized in that a cross section in 55 
the axial direction along a connecting section of the in- 
ner peripheral wall or the outer peripheral wall where the 
wall is connected to the turbine airfoil has aconcave part 



on a front edge side having a negative curvature relative 
to the direction of flow of gas and a convex part on a 
rear edge side having a positive curvature relative to the 
direction of flow of gas. 

[0007] Furthermore, in addition to the above-men- 
tioned arrangement, there is proposed a gas turbine en- 
gine wherein the height of the convex part is at most 
10% of the length, in the radial direction, of the gas pas- 
sage. 

[0008] Moreover, in addition to the above-mentioned 
arrangement, there is proposed a gas turbine engine 
wherein the cross section in the axial direction alongthe * 
connecting section has at least one point of inflection 
between the front edge and the rear edge. 
[0009] Furthermore, in addition to the above-men- 
tioned arrangement, there is proposed a gas turbine en- 
gine wherein, among the at least one point of inflection, 
the point of inflection that is the closest to the front edge 
side is positioned forward relative to the central position 
of the chord of the turbine airfoil. 

[0010] Moreover, in addition to the above-mentioned 
arrangement, there is proposed a gas turbine engine 
wherein the absolute value of the negative curvature of 
the concave part is smaller than the absolute value of 
the positive curvature of the convex part. 
[0011] Furthermore, in addition to the above-men- 
tioned arrangement, there is proposed a gas turbine en- 
gine wherein the axial position of the concave part is set 
so that the-axial position of a minimum negative pres- 
sure point that is the closest to the front edge of the tur- 
bine airfoil connected to a flat connecting section is 
present within the range of the concave part. 
[0012] Moreover, in addition to the above-mentioned 
arrangement, there is proposed a gas turbine engine 
wherein the front end of the concave part is positioned 
to the rear of the front edge. 

[0013] When the thickness of the turbine airfoil of the 
gas turbine engine is decreased in order to reduce the 
weight, the stagger angle required increases, the flow 
rate of combustion gas on the upper face of the front 
half of a blade main body accelerates and decelerates 
rapidly and, in particular, in the case of a high load blade 
having a high rotor inlet relative Mach number, the flow 
rate reaches a critical Mach number, thus generating a 
shock wave and thereby causing a large pressure loss 
and degrading the performance of the gas turbine en- 
gine. However, in accordance with the present inven- 
tion, since the cross section in the axial direction along 
the connecting section of the inner peripheral wall or the 
outer peripheral wall of the gas turbine engine where the 
wall is connected to the turbine airfoil has a concave part 
on the front edge side and a convex part on the rear 
edge side via a point of inflection, the concave part hav- 
ing a negative curvature relative to a direction of flow of 
gas, and the convex part having a positive curvature, 
the flow rate on the upper face of the blade main body 
can be reduced in the concave part on the front edge 
side, thus suppressing generation of a shock wave, and 
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the flow rate can be increased in the convex part on the 
rear edge side following the concave part, thus smoothly 
changing the flow rate on the upper face of the blade 
main body and thereby minimizing the pressure loss. In 
this way, the thickness of the blade main body can be s 
reduced while maintaining the performance of the gas 
turbine engine, thereby contributing to a reduction in 
weight. 

[0014] This effect can be exhibited even more strong- 
ly by making the height of the convex part at most 1 0% i o 
of the length, in the radial direction, of the gas passage, 
positioning the point of inf tectiorv between* the concave- 
part and the convex part so as to be forward of the cen- 
tral position of the chord, making the absolute value of 
the negative curvature of the concave part smaller than *5 
the absolute value of the positive curvature of the con- 
vex part, arranging for the minimum negative pressure 
point that is the closest to the front edge of the conven- 
tional turbine airfoil to be present within the range of the 
concave part, and positioning the front end of the con- 20 
cave part so as to be to the rear of the front edge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 and FIG. 2 show one embodiment of the 25 
present invention. FIG. 1 is a diagram showing the 
shape of a turbine blade of a gas turbine engine. FIG. 2 
is a diagram showing the shape of an inner wall face 
along the chord of the turbine blade, the curvature of the 
inner wall face, and speed distribution on the blade face. 30 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] A mode for carrying out the present invention 
is explained below by reference to an embodiment of 35 
the present invention illustrated in attached drawings. 
[001 7] FIG. 1 and FIG. 2 show one embodiment of the 
present invention. 

[0018] FIG. 1 shows a turbine blade 11 of an axial- 
flow gas turbine engine, and the turbine blade 11 is 40 
formed from a blade main body 1 2 positioned outward 
in the radial direction, a blade end wall 13 positioned 
inward in the radial direction relative to the blade main 
body 12, and a blade mounting part 14 positioned in- 
ward in the radial direction relative to the blade end wall *s 
13. The blade shape of the root part (a part adjoining 
the blade end wall 1 3) of the blade main body 1 2 shown 
as the cross section X-X in FIG. 1 comprises a front edge 
12a, a rear edge 12b, an upper face 12d : and a lower 
face 12e, and a straight line joining the front edge 12a so 
and the rear edge 1 2b has a comparatively large stagger 
angle y relative to the direction of the axis A of the gas 
turbine engine. 

[001 9] The stagger angle 7 of the blade main body 1 2 
of this embodiment is set so as to be large compared 55 
with a conventional stagger angle y of 0° to 20° . Setting 
the stagger angle y so as to be large compared with the 
conventional stagger angle in this way makes it possible 



for the blade thickness of the blade main body 1 2 to be 
thin, and as a result the weight of the turbine blade 11 
can be reduced by 20% relative to the conventional tur- 
bine blade without changing the material. 
[0020] A tip 1 2c on the radially outer end of the blade 
main body 1 2 faces an annular outer peripheral wall 1 5a 
of an outer casing 15 with a slight tip clearance 16. An 
annular hub 17a is formed on the outer circumference 
of a blade disc 17 supported rotatably around the axis 
A of the gas turbine engine, and a large number of the 
blade mounting parts 14 of the turbine blades 11 are 
mounted radially on the hub? 1>7a. \rr order to 'withstand 
a large centrifugal force acting on the turbine blade 11 , 
the blade mounting part 1 4 has a plurality of alternating 
ridges 14a and grooves 14b extending in the direction 
of the axis A of the gas turbine engine, and these ridges 
1 4a and grooves 1 4b interlock with the hub 1 7a via con- 
cavo-convex engagement. 

[0021] When a large number of the turbine blades 11 
are mounted on the hub 17a of the blade disc 17, the 
blade end walls 1 3 of the turbine blades 1 1 extend inte- 
grally in the circumferential direction, thus forming an 
annular inner peripheral wall 13a. An annular gas pas- 
sage 1 8 is formed between the outer peripheral wall 1 5a 
and the inner peripheral wall 1 3a, and the turbine blades 
11 are disposed within the gas passage 18 through 
which combustion gas flows in the direction of the arrow 
F. Stator vanes, which are not illustrated, are disposed 
on the front side and the rear side of the turbine blades 
11 in the axial direction. 

[0022] As is clear from FIG. 2, a part of a cross section 
in the axial direction of the annular inner peripheral wall 
13a, which is formed from the blade end wall 13 of the 
turbine blade 11, is formed from a curve. That is, the . 
cross section in the axial direction of the inner peripheral 
wall 13a includes, from the front edge 12a side to the 
rear edge 12b side, a first straight line part 19, a first 
concave part 20, a convex part 21, a second concave 
part 22, and a second straight line part 23. The first con- 
cave part 20 and the second concave part 22 have neg- 
ative curvatures and are concave toward the axis A, and 
the convex part 21 has a positive curvature and is con- 
vex away from the axis A. A first point of inflection a is 
present in a part where the curvature changes from neg- 
ative to positive, and a second point of inflection b is 
present in a part where the curvature changes from pos- 
itive to negative. The curvature on the upper face 12d 
of the blade main body 1 2 is positive in the whole region 
from the front edge 12a to the rear edge 12b. 
[0023] Characteristic features in the cross section in 
the axial direction of the inner peripheral wall 13a in the 
present embodiment are that the first concave part 20 
and the convex part 21 are positioned continuously to 
the rear of the first straight line part 1 9 following the front 
edge 12a, and that a minimum negative pressure point 
that is the closest to the front side of the conventional 
blade main body, which has a flat inner peripheral wall 
13a on which the first concave part 20, the convex part 
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21, and the second concave part 22 are not formed, 
would be present within the range of the first concave 
part 20 (the range from a point d at the front end to the 
point a at the rear end). The deepest point c of the first 
concave part 20 (at which the distance from a straight 5 
line joining the front end d and the rear end a of the first 
concave part 20 becomes a maximum) is desirably po- 
sitioned in the vicinity of the above-mentioned minimum 
negative pressure point. Moreover the first inflection 
point a is positioned forward of the 50% position of the 10 
chord (the intermediate position between the front edge 
12a and the rear edge 12b)y and the absolute value of 
the negative curvature of the first concave part 20 is set 
so as to be smaller than the absolute value of the posi- 
tive curvature of the convex part 21 . It is appropriate for 15 
the height of the convex part 21 to be at most 10% of 
the radial length of the gas passage 18, that is, the dis- 
tance between the inner peripheral wall 1 3a and the out- 
er peripheral wall 15a. 

[0024] It should be noted here that when the stagger 20 
angle y is increased by reducing the thickness of the 
blade main body 12 in order to decrease the weight of 
the turbine blade 11 , as shown by the broken line in the 
graph of the speed distribution on the blade upper face 
12d in FIG. 2, the speed distribution of combustion gas 25 
on the upper face 1 2d of the blade main body 1 2 rapidly 
increases and then rapidly decreases, thereby generat- 
ing a large pressure loss. 

[0025] However, in the present embodiment, since in 
the cross section in the axial direction of the inner pe- 30 
ripheral wall 13a of the blade end wall 13, the first con- 
cave part 20 and the convex part 21 are continuous, the 
flow of the combustion gas can be diffused in the radial 
direction in the first concave part 20, thus suppressing 
a rapid increase in the flow rate and thereby preventing 35 
the generation of a shock wave. Furthermore, the flow 
rate of the combustion gas is increased in the convex 
part 21 following the first concave part 20, as shown by 
a solid line in the graph of the speed distribution on the 
blade upper face 1 2d in FIG. 2, and the speed distribu- 40 
tion of the combustion gas on the upper face 1 2d of the 
blade main body 1 2 can be increased smoothly, thereby 
decreasing the pressure loss. 

[0026] In this way, by changing only the shape of the 
cross section in the axial direction of the inner peripheral 45 
wall 13a of the blade end wall 13 of the turbine blade 
1 1 , rapid changes in the speed distribution on the upper 
face 1 2d of the blade main body 12 can be suppressed 
even when increasing the stagger angle y, thereby con- 
tributing to a reduction in weight by decreasing the thick- so 
ness of the blade main body 12 while ensuring the per- 
formance of the gas turbine engine by minimizing the 
pressure loss. 

[0027] An embodiment of the present invention has 
been explained above, but the present invention can be 55 
modified in a variety of ways without departing from the 
spirit and scope thereof. 

[0028] For example, the turbine blade 1 1 is illustrated 



as a turbine airfoil in the embodiment, but the present 
invention can be applied to a stator vane of a gas turbine 
engine in the same manner. In this case, the present 
invention can be applied to either or both of an inner 
peripheral wall connected to the radially inner end of the 
stator vane and an outer peripheral wall connected to 
the radially outer end of the stator vane. 
[0029] Furthermore, as shown by the solid line in the 
graph showing the speed distribution on the blade upper 
face 12d in FIG. 2, a rapid change is observed in the 
flow rate of combustion gas in the vicinity of the 70% 
position of the chord, but it is also possible to further 
reduce the pressure loss by increasing the absolute val- 
ue of the negative curvature of the second concave part 
22 and enlarging the range of the second convex part 
22 toward the rear edge, thus smoothing the change in 
the flow rate in the vicinity of the 70% position of the 
chord. 

INDUSTRIAL APPLICABILITY 

[0030] The present invention can be applied to an ax- 
ial-flow gas turbine engine for an airplane, for stationary 
use, and for any other purpose. 



Claims 

1 . A gas turbine engine comprising turbine airfoils (11) 
disposed in a radial direction in an annular gas pas- 
sage (18) defined by an inner peripheral wall (13a) 
and an outer peripheral wall (15a), 

characterized in that a cross section in the 
axial direction along a connecting section of the in- 
ner peripheral wall (13a) or the outer peripheral wall 
(1 5a) where the wall is connected to the turbine air- 
foil (11) has a concave part (20) on a front edge 
(12a) side having a negative curvature relative to 
the direction of flow of gas and a convex part (21) 
on a rear edge (12b) side having a positive curva- 
ture relative to the direction of flow of gas. 

2. The gas turbine engine according to Claim 1, 
wherein the height of the convex part (21) is at most 
10% of the length, in the radial direction, of the gas 
passage (18). 

3. The gas turbine engine according to Claim 1, 
wherein the cross section in the axial direction along 
the connecting section has at least one point of in- 
flection (a, b) between the front edge (12a) and the 
rear edge (12b). 

4. The gas turbine engine according to Claim 3, 
wherein, among said at least one point of inflection 
(a, b), the point of inflection (a) that is the closest to 
the front edge (12a) side is positioned forward rel- 
ative to the central position of the chord of the tur- 
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bine airfoil (11). 

The gas turbine engine according to Claim 1, 
wherein the absolute value of the negative curva- 
ture of the concave part (20) is smaller than the ab- s 
solute value of the positive curvature of the convex 
part (21). 

The gas turbine engine according to Claim 1, 
wherein the axial position of the concave part (20) w 
is set so that the axial position of a minimum nega- 
tive- pressuw poinMhat is^ the- closest to- the*front> 
edge (12a) of the turbine airfoil (11) is connected to 
a flat connecting section is present within the range 
of the concave part (20). is 

The gas turbine engine according to Claim 1, 
wherein the front end (d) of the concave part (20) is 
positioned to the rear of the front edge (12a). 
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